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In the present study, mitigation of an intrinsic vibration in human limb called physiological 
tremor is investigated. The tremor is observed in most human arms even at physically well condition 
that is derived from excessive stress or chills, therefore, it may cause anyone bad effect on precise
operation such as welding and surgery. In this study experiments are performed where the
transcription task is imposed on subjects whose wrists are equipped with the dynamic absorber 
attenuating the tremor in their hands. Good results are obtained where the tremor is reduced to
approximately tenth compared with the case without damper. Furthermore, the numerical model of 
human limbs is introduced, where the tremor is induced by van der Pol type self-excited vibration 
mechanism. It is also shown that the dynamic absorber can attenuate vibration in human arm despite
the intrinsic nonlinearity. 
 



































































Table1  Classification of tremor 















Fig.1  Posture of measurement 
 
(a)  Time history 
 
 (b)  Frequency characteristic 
Fig. 2  Measured tremor acceleration 
 



































Table 2   Characteristic of Exciter 
Radius of eccentric weight 3.5 mm 
Mass of eccentric weight 50 g 
Total mass 360 g 
 
 
Fig. 3  Tremor amplification using exciter 
 
(a)  Time history 
 
(b)  Frequency characteristic 
 Fig.4  Amplified tremor acceleration by exciter 
 

















Fig. 5  Dynamic absorber for human wrist 
 
 
Fig. 6  Experimental setup for the damping of tremor 
 
 
Fig. 7  Tremor evaluation system for tracing task 
 













































































(a)  Time history of tremor acceleration 
 
(b)  Frequency characteristic of tremor 
Fig. 8  Acceleration measured at forefinger 
 
(a)  Without damper       (b) With damper 



















り，ペンのタブレット上 x，y 座標値がPC に取り組ま
れる仕組みになっている．評価実験は１周を約 30 秒間 
 
(a) Case without dynamic damper 
 
(b) Case with dynamic damper 
 
(c) Magnified time scale for both cases 
Fig. 10  Time scale expansion of circle trace 
 
 




4・2 実験結果  図 8 に，作業課題を与えず姿勢
を保つのみの場合の動吸振器による制振実験結果を示








考えられる．また，周波数特性において 2 次および 3
次の高調波が見られるが，これは加速度計による計測
方向が完全に水平にならず，波形が歪むためである． 
 4・3 作業実験結果  被験者がスタイラスペンを
用いて描円運動を行った際の描画パターンを図 9 に示 



























































































































(a) Decrement of acceleration at forefinger 
 
(b) Decrement of trace displacement 
























































































































Table 3  Parameter used in the analytical model 
Primary system (forearm) 
Mass             m 1.56 kg 
Offset from rotation center     lg 0.132m 
Inertia moment          I 0.0412 kgm2 
Damping coeff.              c 0.5 Nms/rad 
Distance of elbow and radii        r 0.05 m 
Stiffness of muscle              ki 2200 N/m 
Nonlinear oscillator 
Coupling coeff. of oscillators           αij 0.0001 
Coupling coeff. of oscillator and muscle aij 0.4 
Sensitivity factor of sensor             bi 0.5 
Coupling coeff. Of sensor and oscillator βi 500 
Nonlinear parameter εi 0.6 
Natural frequency of oscillator ωi 56.5 rad/s 
Dynamic absorber 
Mass                     md 0.04 kg 
Stiffness                  kd 157.9 N/m 
Damping coefficient        Cd 0.025 Ns/m 
Distance from elbow        ld 0.23 m 
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1111 xbS β= ································································ (6) 
 
(a) Angular displacement of forearm 
 
(b) Force generated by oscillators 
Fig. 13  Numerical results of forearm tremor excited by 
nonlinear oscillators 
 
2222 xbS β= ·······························································(7) 
biはセンサ感度，βiはセンサと振動子の結合係数を表
す．なお，非線形振動子によるアクチュエータの駆動






























を図 13 に示す．図 13(a)は主系の角変位，同図(b)は
非線形振動子によるアクチュエータ生成力であり，２ 






































(a) Angular displacement of forearm 
 
(b) Displacement of dynamic damper 
Fig. 14  Numerical results of forearm tremor when the 
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